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Linear Temporal Logic (LTL)
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Propositional logic (variables, and, or, not)

Temporal operators:
always(E)

eventually(E)
next_state(E)

E1 until E2

eventually(green-traffic-light)
lock-acquired ➔ eventually(lock-released)

not(cookie) until homework-done

G (E)  □(E)
F (E)  ◇(E)
X (E)       ○(E)
E1 U E2
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Option 1

x is true until time t; 
at t, 
    y becomes true

x U y

Option 2

x is true until time t; 
at t, 
   y becomes true
   and x becomes false
x
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Option 1

x is true until time t; 
at t, 
    y becomes true

x U y

Option 2

x is true until time t; 
at t, 
   y becomes true
   and x becomes false
x

The robot won’t leave the dock
until

its battery is full 

The robot’s motor is always on 
until 

it reaches the destination
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Option 1

x is true until time t; 
at t, 
    y becomes true

x U y

Option 2

x is true until time t; 
at t, 
   y becomes true
   and x becomes false
x

The robot won’t leave the dock
until

 its battery is full 

The robot’s motor is always on 
until 

it reaches the destination

One can't proceed 

from the informal 

to the formal by 

formal means. 

- Alan Perlis

Misconception! 
Incorrect semantics in mental 

model



Identifying LTL misconceptions

Four rounds of study over 3 years

Over 150 students
29 researchers with prior LTL expertise

Multiple LTL syntaxes

Multiple question types
Translate English to LTL
Determine Trace Satisfaction

     Choose satisfying trace
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Better tools, logics,

teaching
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Question
generator

Mistake
feedback Question

Misconception
model

Conceptual
feedback

Question set

Next question

Learner response

Question set results

Misconception likelihoods

Misconception likelihoods

LTL Tutor



Classical Mutation
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The robot’s motor is always on until it reaches the destination 

G(on U (¬on ∧ dest ))

G(on U (¬on ∨ dest )) G((¬on ∧ dest)) U on)

G(on U ¬on) ∧ dest 



Mutate correct answers to embody misconceptions.
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Semantic Mutation

The robot’s motor is always on until it reaches the destination 

on U (¬on ∧ dest )G(on U (¬on ∧ dest ))



Mutate correct answers to embody misconceptions.
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Semantic Mutation

G(on U (¬on ∧ dest )) G(on U dest )

The robot’s motor is always on until it reaches the destination 



Each misconception can be introduced via a principled set of rewrites

13

Semantic Mutation
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Are semantic mutants better distractors than syntactic mutants?
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How can we help 

students learn from 

their mistakes?
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Learner may have the 
Exclusive U misconception
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Until

You might think that x U y (Until) is satisfied only when both the right subterm y 
and the negation of the left subterm x hold true.  However, the "Until" operator is 
more permissive than this. In fact, it only requires that x holds true at every step 
until y becomes true. Once y holds, it doesn't matter whether x is true or false.
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Until

You might think that x U y (Until) is satisfied only when both the right subterm y 
and the negation of the left subterm x hold true.  However, the "Until" operator is 
more permissive than this. In fact, it only requires that x holds true at every step 
until y becomes true. Once y holds, it doesn't matter whether x is true or false.
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Until

You might think that x U y (Until) is satisfied only when both the right subterm y 
and the negation of the left subterm x hold true.  However, the "Until" operator is 
more permissive than this. In fact, it only requires that x holds true at every step 
until y becomes true. Once y holds, it doesn't matter whether x is true or false.

To put it another way: y eventually becomes true at some point in the future, and 
until that moment, x must continuously hold true. This does not require x to stop 
being true at the same time that y becomes true.

For example, the following trace satisfies x U y :
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Question
generator

Mistake
feedback Question

Misconception
model

Conceptual
feedback

Question set

Next question

Learner response

Question set results

Misconception likelihoods

Misconception likelihoods
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Do learners using the tutor improve?

𝑃 𝐶𝑜𝑟𝑟𝑒𝑐𝑡  ~ 1 𝑠𝑡𝑢𝑑𝑒𝑛𝑡𝐼𝑑)  + [𝐹𝑜𝑟𝑚𝑢𝑙𝑎 𝑑𝑖𝑓𝑓𝑖𝑐𝑢𝑙𝑡𝑦] +#𝑄𝑠 𝑎𝑛𝑠𝑤𝑒𝑟𝑒𝑑
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Number of questions answered

Do learners using the tutor improve?

𝑃 𝐶𝑜𝑟𝑟𝑒𝑐𝑡  ~ 1 𝑠𝑡𝑢𝑑𝑒𝑛𝑡𝐼𝑑)  + [𝐹𝑜𝑟𝑚𝑢𝑙𝑎 𝑑𝑖𝑓𝑓𝑖𝑐𝑢𝑙𝑡𝑦] +#𝑄𝑠 𝑎𝑛𝑠𝑤𝑒𝑟𝑒𝑑
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The Lazy Amazing Educator 
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Requires minimal prior instruction

No curricular disruption

Easy to onboard

Available online, also self hostable

ltl-tutor.xyz



Why not just let LLMs 
write the LTL?
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“The red light is on in exactly one state, not
necessarily the first.”

𝑟 ∧ 𝐹(𝐺(¬𝑟 ) ¬𝑟 𝑈 𝑟 ∧  𝑋(𝐺(¬𝑟 )



My Position

Humans should be in the loop

Human activity in the loop should be

meaningful

moderate

The “responsible human“ model
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“The Red light is on in exactly one state, not
necessarily the first.”

¬𝑟 𝑈 𝑟 ∧  𝑋(𝐺(¬𝑟 )𝑟 ∧ 𝐹(𝐺(¬𝑟 )

Trace 1 Trace 2



 GenAI 

Trace 
Generator

candidates

informal 
specification

Trace 
Classifier
(Human)

multiple     
     candidates?

one 
candidate?

zero candidates?

return 
candidate

report issue 
to user

Semantic 
Mutator

LTL 
Formula

Pairwise Iterative-Choice Knockout
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Given a pair of candidate formulae A and B, compute the set differences:

L(A) ∩¬L(B)    and    L(B) ∩¬L(A)
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PICK Informally

Sample for concrete instances from these distinguishing sets, 
ask the human to classify

L(A) L(B)

Closure properties

Decidable 
membership

Tractable witness 
generation



User Study
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All the answers 
that

respondents 
provided 

during the 
misconception 
identification 

process

candidates
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Study Participants: Essentially no knowledge of LTL
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Essentially no LTL 
knowledge, 
classifying traces 
only.
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9 candidates

7 candidates

3 candidates

Median: 13 classifications 

Median: 10 classifications 

Median: 8 classifications 
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Misconceptions 
are incorrect 

semantics

A principled catalog 

of LTL 

misconceptions

Semantic Mutation
to embody misconceptions

ltl-tutor.xyz
Adapts to students

No curricular disruption

PICK
Build confidence in LLM 

output
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